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DESCRIPTION 
ANTIBACTERIAL COMPOSITION 

TECHNICAL FIELD 

The present invention relates to an antibacterial 
composition. More precisely, the invention relates to an 
antibacterial composition for dental use for treating decayed 
p teeth, especially to an adhesive antibacterial composition 

UJ having the ability to kill cariogenic bacteria in decayed teeth 

«=£ or to prevent the bacteria therein from propagating and having 

fU the ability to enhance the adhesiveness of dental bonding 

C materials, dental cement materials, composite resins for 

t: dental restoration, compomers for dental restoration, etc. 

O BACKGROUND ART 

FU 

In dental treatment where partial defects in teeth are 
restored through prosthesis with restorative dental materials 
such as, for example, composite resins , compomers, metal alloys, 
ceramics and the like for dental restoration, often used are 
acrylic dental bonding compositions. However, even when such 
dental bonding compositions are used for that purpose, bacteria 
may often penetrate into the restored tooth through the bonding 
interface between the tooth and the bonding composition to 
thereby cause secondary caries or odontitis. In that case, 
the restored tooth will need to be retreated. For preventing 
bacteria from penetrating into restored teeth, bonding 
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compositions having the ability to well seal up the bonded area 
of the restored tooth are effective. For example, a bonding 
system of using a so-called self-etching primer that contains 
an acid group-having polymerizable monomer and a hydrophilic 
polymerizable monomer is favorably employed in the art, as its 
ability to bond to teeth and to seal up the bonded teeth is 
good. In addition to improving the adhesiveness of dental 

p bonding compositions, adding an antibacterial compound to the 

Q 

|jj compositions is tried. For example, JP-A 157318/1996 

O 

M discloses an antibacterial composition comprising an acid 

W 

fy group-having polymerizable monomer, a hydrophilic 

s 

p polymerizable monomer, water and a polymerization initiator 

H= and containing a polymerizable group-having antibacterial 

D pyridinium salt. The antibacterial composition disclosed 

fy 

keeps good adhesiveness to the teeth to which it has been 
applied, and the technique of using it is for killing the 
cariogenic bacteria that may remain in the restored teeth. The 
composition disclosed is well effective for killing cariogenic 
bacteria when the number of the bacteria is small, but is 
problematic in that it could not satisfactorily exhibit its 
antibacterial capability when the number of the bacteria 
increases or when the time of contact between the composition 
and the bacteria is short. 

Another problem with the antibacterial composition 
disclosed in that patent publication is that it discolors while 
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stored at room temperature for a long period of time, and, in 
particular, when it is stored at high temperatures, it becomes 
blackish. Therefore, if the composition is used for treating 
and restoring teeth after stored at room temperature for a long 
period of time, the bonded area (and therearound) of the 
restored teeth will be brownish, and therefore it fails to 
esthetically treat teeth. In addition to the problem of 
discoloration, still another problem with the composition is 
that its adhesiveness to dentin lowers time-dependently while 
stored long. Therefore, it is desired to further improve the 
storage stability of the composition. 

The problem that the invention is to solve is how to 
provide an antibacterial composition having the advantages of 
more improved antibacteriality and good storage stability in 
that, even when stored for a long period of time or heated, 
it discolors little and its adhesiveness lowers little. 

On the basis of the antibacterial composition described 
in JP-A 157318/1996, the present inventor has further 
assiduously studied to improve the antibacterial property and 
the storage stability of the composition, and, surprisingly 
as a result, has found that, when a basic compound selected 
from alkali metal hydroxides, strong basic acid salts not 
having an aromatic group, and aliphatic amines is added to an 
antibacterial composition comprising an antibacterial salt 
compound, an acid group-having polymerizable monomer, a 



hydrophilic polymerizable monomer and water, then the object 
as above can be attained. On the basis of this finding, the 
inventor has completed the present invention. 
DISCLOSURE OF THE INVENTION 

The invention is an antibacterial composition 
comprising (a) an antibacterial salt compound, (b) an acid 
group-having polymerizable monomer, (c) a hydrophilic 
polymerizable monomer, (d) water, and (e) a basic compound 
selected from alkali metal hydroxides, strong basic acid salts 
not having an aromatic group, and aliphatic amines . 
BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 shows a process of producing antibacterial 
methacrylic pyridinium salts. 
BEST MODES OF CARRYING OUT THE INVENTION 

The antibacterial salt compound (a) to be in the 
antibacterial composition of the invention is not specifically 
defined, and may be any and every antibacterial organic salt 
compound. The antibacterial salt compound includes, for 
example, trimethylhexadecylammonium chloride, 

triethyldodecylammonium bromide, benzalkonium chloride, 
benzetonium chloride, dimethyldidodecylammonium chloride, 
and other various antibacterial ammonium salt compounds of the 
following general formulae (I). 
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wherein R 1 represents H or CH 3 ; R 2 represents H or CH 3 ; Y 
represents OCH 3 , OCH 2 CH 3 , OCH 2 CH 2 CH 3 , CI. Br, COOH, OH, CN or 
CH=CH 2 ; Z represents F, CI, Br, I, 1/2P0 4 , 1/2S0 4 , CH 3 -S0 3 , CH 3 COO; 
n represents an integer of from 1 to 30; m represents an integer 
of from 1 to 30; p represents an integer of from 1 to 30; and 
q represents an integer of from 1 to 30. 
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The compound further includes 

trimethylhexadecylphosphonium bromide , 

trimethyldodecylphosphonium chlorides , 

dimethyldihexadecylphosphonium chloride , 

trimethylbenzylphosphonium chloride, and other various 

antibacterial phosphonium salt compounds of the following 
general formulae (II). 




(I I ) 

wherein R l represents H or CH 3 ; R 2 represents H or CH 3 ; Y 
represents OCH 3 , OCH 2 CH 3 , OCH 2 CH 2 CH 3 , CI, Br, COOH, OH, CN or 
CH=CH 2 ; 2 represents F, CI, Br, I, 1/2P0 4 , 1/2S0 4 , CH 3 -S0 3 , CH 3 COO; 
n represents an integer of from 1 to 30; m represents an integer 
of from 1 to 30; p represents an integer of from 1 to 30; and 
q represents an integer of from 1 to 30 . 
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The compound still further includes dodecylpyridinium 
chloride , dodecylpyridinium bromide , cetylpyridinium 
chloride, cetylpyridinium bromide, cetylpyridinium acetate, 
cetylpyridinium propionate, and other various antibacterial 
pyridinium salt compounds of the following general formula 
(III). 
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(III) 



wherein R 1 represents H or CH 3 ; R 2 represents H or CH 3 ; Y 
represents OCH 3 , OCH 2 CH 3 , OCH 2 CH 2 CH 3 , CI, Br, COOH, OH, or CN; 
Z represents F, CI, Br, I, l/2PO<, l/2SO<, CH 3 -S0 3 , CH 3 COO; n 
represents an integer of from 1 to 30; m represents an integer 
of from 1 to 30; p represents an integer of from 1 to 30; and 
q represents an integer of from 1 to 30. 
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Of those, preferred for use in the invention are 
compounds having, in the molecule, an alkyl group and an 
alkylene group with from 10 to 2 0 carbon atoms, as their 
antibacterial property is good. Also preferred are 
antibacterial pyridinium salt compounds, as they exhibit good 
antibacteriality in the presence of an acid group-having 
polymerizable monomer- Further preferred for use in the 
invention are polymerizable group-having antibacterial salt 

yj compounds that have a polymerizable group in the molecule. 

P 

£ Such polymerizable group-having antibacterial salt compounds 

jy can be fixed on teeth through polymerization thereon, and after 

p polymerized and cured on teeth, they are effective for 

preventing the penetration of bacteria into the bonded teeth 

a 

P through the bonding interface. In addition, when compared 

PJ 

with other antibacterial salt compounds not having a 
polymerizable group, the polymerizable group-having 
antibacterial salt compounds of the type are better, as the 
antibacterial compositions comprising them ensure better 
adhesiveness to teeth. 

Of the antibacterial salt compounds mentioned above, 
especially preferred for use herein are antibacterial 
methacrylic pyridinium salts of the following general formula 
(IV), such as typically methacryloyloxydodecylpyridinium 
bromide (hereinafter referred to as MDPB), as they are easy 
to produce. 
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CH 

CH 



2 =C-COO -^CH 2 ^— (IV) 



wherein Z represents CI, Br, or I; n represents an integer of 
from 12 to 25. 



One example of the method for producing antibacterial 
PJ methacrylic pyridinium salts is shown in Fig. 1, to which, 

P however, the production method is not limited- In the process 

K shown in Fig. 1, the reagents for esterif ication and 

halogenation may be any known ones, not specifically defined. 
In this, if desired, the methacrylic acid to be used may be 
pre-activated, for example, through halogenation or 
tpsylation. 

One or more different types of such antibacterial salt 
compounds may be used herein either singly or as combined. 
Regarding its blend ratio in the composition, if the amount 
of the antibacterial salt compound therein is too small, the 
composition could not be antibacterial; but if too large, the 
adhesiveness of the composition will lower. Accordingly, the 
amount of the antibacterial salt compound in the composition 
may fall generally between 0.01 and 25 % by weight of the 
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composition/ but preferably between 0.1 and 15 % by weight, 
more preferably between 1 and 10 % by weight. 

In the invention, the acid group-having polymerizable 
monomer (b) is indispensable to the composition for ensuring 
good adhesiveness of the composition to teeth. The acid 
group-having polymerizable monomer is, for example, a 
polymerizable monomer having at least one acid group such as 

P a phosphoric acid group, pyrophosphoric acid group, carboxylic 

□ 

p acid group or sulfonic acid group and having a polymerizable 

% unsaturated group such as an acryloyl group, methacryloyl group, 

jij vinyl group or styrene group. Examples of the compounds are 

p mentioned below. In the invention, the expression 

M 

M " (meth)acryl" is to comprehensively include both methacryl and 

{J acryl. 

ru 

The phosphoric acid group-having polymerizable monomer 

includes, for example, 2- (meth) acryloyloxyethyl 

dihydrogenphosphate, 3- (meth ) acryloyloxypropyl 

dihydrogenphosphate , 4 - ( meth ) acryloyloxybutyl 

dihydrogenphosphate , 5 - ( meth ) acryloyloxypenty 1 

dihydrogenphosphate, 6- (meth) acryloyloxyhexyl 

dihydrogenphosphate, 7- (meth) acryloyloxyheptyl 

dihydrogenphosphate, 8- (meth) acryloyloxyoctyl 

dihydrogenphosphate, 9- ( meth ) acryloyloxynonyl 

dihydrogenphosphate, 10- (meth ) acryloyloxydecyl 

dihydrogenphosphate , 1 1 - ( meth ) acryloyloxyundecyl 
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dihydrogenphosphate , 1 2 - ( me th ) acryloyloxydodecy 1 

dihydrogenphosphate, 16- (meth) acryloyloxyhexadecyl 

dihydrogenphosphate, 20- (meth ) aery loyloxyeicosyl 

dihydrogenphosphate , di [ 2 - ( meth ) acryloyloxyethyl ] 

hydrogenphosphat e , di [ 4 - ( meth ) acryloyloxybutyl ] 

hydrogenphosphat e , di [ 6 - ( meth ) acryloyloxyhexyl ] 

hydrogenphosphat e , di [ 8 - ( meth ) acryloyloxyoctyl ] 

hydrogenphosphat e , di [ 9 - ( meth ) acryloyloxynonyl ] 

JjJ hydrogenphosphate , di [ 1 0 - ( meth ) acryloyloxydecyl ] 



& hydrogenphosphate, 1 , 3-di(meth)acryloyloxypropyl-2- 

ru 

P=P dihydrogenphosphate , 2 - ( meth ) acryloyloxyethylphenyl 



O hydrogenphosphate, 2- (meth) acryloyloxyethyl- 2 ' -bromoethyl 

hydrogenphosphate , 2 - ( meth ) acryloyloxyethylphenyl 

~ J phosphate; ( 5-methacryloxy ) pentyl-3-phosphonopropionate , 

fy 

( 6 -methacryloxy ) hexyl- 3 -phosphonopropionate , (10- 
methacryloxy) decyl- 3 -phosphonopropionate , (6- 
methacryloxy)hexyl-3-phosphonoacetate, ( 10- 

methacryloxy) decyl-3-phosphonoacetate , as in JP-A 
294286/1991; 2 -me thacryloyloxye thyl ( 4 -methoxyphenyl ) 

hydrogenphosphate , 2 -methacryloyloxypropy 1 ( 4 - 

methoxyphenyl) hydrogenphosphate, as in JP-A 281885/1987; and 
other phosphoric acid group-having polymerizable monomers 
such as those exemplified in JP-A 113089/1977, 67740/1978, 
69494/1978, 144939/1978, 128393/1983 and 192891/1993; and 
their acid chlorides . 
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The pyrophosphoric acid group-having polymerizable 
monomer includes, for example, di[ 2- (meth) aery loyloxy ethyl ] 
pyrophosphate, di[ 4- (meth ) acryloyloxybutyl ] pyrophosphate, 
di [ 6- (meth) acryloyloxyhexyl ] pyrophosphate, di[8- 

(meth)acryloyloxyoctyl] pyrophosphate, di[10- 

(meth ) acryloyloxydecyl ] pyrophosphate, and their acid 
chlorides . 

The carboxylic acid group-having polymerizable monomer 
includes, for example, maleic acid, methacrylic acid, 4- 
(meth )acryloyloxyethoxycarbonylphthalic acid, 4- 

(meth)acryloyloxybutyloxycarbonylphthalic acid, 4- 

(meth) acryloyloxyhexyloxycarbonylphthalic acid, 4- 

(meth)acryloyloxyoctyloxycarbonylphthalic acid, 4- 

(meth)acryloyloxydecyloxycarbonylphthalic acid, and their 
acid anhydrides; 5- (meth ) acryloylaminopentylcarboxylic acid, 
6- (meth) acryloyloxy-1 , 1 -hexane-dicarboxylic acid, 8- 
(meth)acryloyloxy-l , 1-octane-dicarboxylic acid, 10- 

(meth) acryloyloxy-1 , 1-decane-dicarboxylic acid, 11- 

(meth ) acryloyloxy-1 , 1-undecane-dicarboxylic acid, and their 
acid chlorides. 

The sulfonic acid group-having polymerizable monomer 
includes, for example, 2- (meth) acrylamido-2- 

methylpropanesulf onic acid, styrenesulf onic acid, 2- 
sulfoethyl ( meth) aery late . Of those, preferred are the 
phosphoric acid group-having polymerizable monomers, as the 
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adhesiveness of the composition containing the monomer to teeth 
is extremely good. 

One or more different types of such acid group-having 
polymerizable monomers may be used herein either singly or as 
combined. Regarding its blend ratio in the composition, if 
the amount of the acid group-having polymerizable monomer 
therein is too small or too large, the adhesiveness of the 
antibacterial composition to teeth will lower. Accordingly, 
the amount of the acid group-having polymerizable monomer in 
the composition may fall generally between 0.1 and 50 % by 
weight of the composition, but preferably between 1 and 40 % 
by weight, more preferably between 5 and 30 % by weight. 

The hydrophilic polymerizable monomer (c) to be in the 
composition of the invention has a solubility in water at 25°C 
of at least 10 % by weight, preferably at least 30 % by weight - 
Concretely, it includes, for example, 2-hydroxyethyl 
(meth) aery late, 2-hydroxypropyl (meth ) acrylate, 3- 
hydroxypropyl (meth) acrylate, 1 , 3-dihydroxypropyl 

(meth) acrylate, 2 , 3-dihydroxypropyl (meth ) acrylate, 

dipentaerythritol di (meth ) acrylate, (meth) aery lamide, 2- 
hydroxyethyl (meth) acrylamide, and polyethylene glycol 
di ( meth ) acrylate ( in which the number of the oxyethylene groups 
is at least 9 ) . 

One or more different types of such hydrophilic 
polymerizable monomers may be used herein either singly or as 
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combined. Regarding its blend ratio in the composition, if 
the amount of the hydrophilic polymerizable monomer therein 
is too small or too large, the adhesiveness of the antibacterial 
composition to teeth will lower. Accordingly, the amount of 
the hydrophilic polymerizable monomer in the composition may 
fall generally between 5 and 95 % by weight of the composition, 
but preferably between 10 and 90 % by weight, more preferably 
between 15 and 70 % by weight - 

Water (d) to be in the antibacterial composition of the 
invention must not substantially contain impurities that may 
have some negative influences on the antibacterial property 
of the composition and on the ability of the composition to 
bond a restorative material to teeth, for which, therefore, 
preferred is distilled water or ion-exchanged water. If the 
amount of water in the composition is too small or too large, 
the antibacteriality and the adhesiveness of the composition 
will lower. Therefore, the water content of the antibacterial 
composition may fall generally between 0.1 and 80 % by weight 
of the composition, but preferably between 1 and 75 % by weight, 
more preferably between 10 and 60 % by weight. 

The antibacterial composition of the invention contains 
a basic compound (e) selected from alkali metal hydroxides, 
strong basic acid salts not having an aromatic group and 
aliphatic amines, for improving the antibacteriality and the 
storage stability of the composition. Preferably, the basic 



compound can form a water-soluble salt with the acid 
group-having polymerizable monomer in the composition. The 
solubility in water at 25°C of the salt is generally at least 
5 % by weight. The alkali metal hydroxides include, for 
example, sodium hydroxide, lithium hydroxide and potassium 
hydroxide. For the strong basic acids not having an aromatic 
group, preferred are strong basic acid salts to be formed from 
alkali metals and weak acids having a pKa of at least 3, such 
as lithium carbonate, sodium carbonate, potassium carbonate, 
lithium hydrogencarbonate, sodium hydrogencarbonate, 
potassium hydrogencarbonate, sodium formate, sodium 
hydrogenoxalate, sodium acetate, potassium acetate, sodium 
propionate, sodium borate, sodium dihydrogenphosphite, 
potassium dihydrogenphosphite, sodium dihydrogenphosphate , 
potassium dihydrogenphosphate, disodium hydrogenphosphate , 
dipotassium hydrogenphosphate. 

The aliphatic amines may be any of primary aliphatic 
amines, secondary aliphatic amines and tertiary aliphatic 
amines, but preferred are tertiary aliphatic amines. For the 
tertiary aliphatic amines, for example, preferred are 
trimethylamine, triethylamine, N-ethyldiethanolamine, N-n- 
butyldiethanolamine , N-lauryldiethanolamine , 

triethanolamine, ( 2-dimethylamino ) ethyl methacrylate, (2- 
diethylamino ) ethyl methacrylate, ( 2-dipropylamino ) ethyl 
methacrylate, ( 3 -dimethylamino ) propyl methacrylate, (4- 



dimethyl ami no) butyl methacrylate, ( 6-dimethylamino ) hexyl 
methacrylate, ( 6-diethylamino ) hexyl methacrylate, (10- 
dimethylamino)decyl methacrylate, N-methyldiethanolamine 
dimethacrylate, triethanolamine dimethacrylate, and 
triethanolamine trimethacrylate. 

The aliphatic amines are especially preferred, as they 
form stable water-soluble salts with the acid group-having 
polymerizable monomer, especially with the phosphoric acid 



y group-having polymerizable monomer in the composition, and the 

*C salts are also highly adhesive to teeth- More preferred are 

fij polymerizable group-having aliphatic tertiary amines such as 

O ( 2-dimethylamino)ethyl methacrylate, ( 2-diethylamino ) ethyl 

N= methacrylate, ( 2-dipropylamino ) ethyl methacrylate, ( 6- 



P diethylamino ) hexyl methacrylate, ( 6-dimethylamino ) hexyl 

fy 

methacrylate, N-methyldiethanolamine dimethacrylate, and 
triethanolamine dimethacrylate. 

One or more different types of such basic compounds may 
be used herein either singly or as combined. The blend ratio 
of the compound in the antibacterial composition is not 
specifically defined. However, if the amount of the compound 
therein is too small, the antibacteriality and the storage 
stability of the composition will be poor; but if too large, 
the adhesiveness thereof will lower. Accordingly, the amount 
of the basic compound in the composition may fall generally 
between 0.01 and 20 % by weight of the composition, but 
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preferably between 0.5 and 10 % by weight, more preferably 
between 2 and 7 % by weight. Also preferably, the blend ratio 
of the basic compound in the composition is so controlled that 
the pH of the composition may fall between 1.5 and 4.5, more 
preferably between 1.8 and 3.5. 

Regarding its use, when the antibacterial composition 
of the invention is, after applied onto a tooth, thinned with 
a dental air syringe, it can be cured along with the material 

a 

y to overlay it such as a dental bonding material, a dental cement 

4= material, a dental composite or the like. Therefore, the 

III 

IU composition does not always require a polymerization initiator. 

O However, when a dental operator has applied too much the 

antibacterial composition of the invention onto a tooth to be 
treated with it and when the excess composition has therefore 
remained on the tooth, or when the composition is used as an 
adhesive layer to have a thickness of 5 ^im or more, a 
polymerization initiator is preferably added to the 
composition for ensuring or improving the bonding strength of 
the coated composition. 

The polymerization initiator may be any known one, 
including, -for example, a-diketones , ketals, thioxanthones , 
acylphosphine oxides, coumarins , halomethyl-substituted-s- 
triazine derivatives, and organic peroxides. 

The a-diketones include, for example, camphorquinone, 
benzil and 2 , 3-pentanedione . The ketals include, for example, 
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benzyldimethyl ketal, benzyldiethyl ketal. The thioxanthones 
include, for example, 2-chlorothioxanthone, 2,4- 
diethylthioxanthone. The acylphosphine oxides include, for 
example, 2,4, 6-trimethylbenzoyldiphenylphosphine oxide, 
2 , 6-dimethoxybenzoyldiphenylphosphine oxide , 2,6- 

dichlorobenzoyldiphenylphosohine oxide , 2,3,5,6- 

tetramethylbenzoyldiphenylphosphine oxide , benzoyl-di- 
( 2 , 6-dimethylphenyl ) phosphonate , 2,4,6- 

trimethylbenzoylethoxyphenylphosphine oxide, and water- 
soluble acylphosphine oxide compounds such as those described 
in JP-B 57916/1991. 

The coumarins are, for example, those described in JP-A 
245525/1998, such as 3 , 3 1 -carbonylbis ( 7- 

diet hy lamino ) coumar in , 3 - ( 4 -met hoxybenzoyl ) coumar in , 3 - 
thienoylcoumarin. The halomethyl-substituted-s-triazine 
derivatives are, for example, those described in JP-A 
245525/1998, such as 2,4, 6-tris ( trichloromethyl ) -s-triazine, 
2,4, 6-tris ( tribromomethyl ) -s-triazine, 2-methyl-4 , 6- 

bis ( trichloromethyl ) -s-triazine . 

The organic peroxides include, for example, diacyl 
peroxides , peroxyesters , dialkyl peroxides , peroxyketals , 
ketone peroxides, hydroperoxides. Concretely, the diacyl 
peroxides include, for example, benzoyl peroxide, 2,4- 
dichlorobenzoyl peroxide, m-toluoyl peroxide. The 
peroxyesters include, for example, t-butyl peroxybenzoate, 



bis-t-butyl peroxyisophthalate, 2 , 5 -dimethyl -2 , 5- 

bis (benzoylperoxy )hexane, t-butylperoxy-2-ethyl hexanoate, 
t-butylperoxyisopropyl carbonate. The dialkyl peroxides 
include, for example, dicumyl peroxide, di-t-butyl peroxide, 
lauroyl peroxide. The peroxyketals include, for example, 
1 , 1-bis (t-butylperoxy ) -3 ,3 , 5-trimethylcyclohexane, 1,1- 
bis (t-butylperoxy )cyclohexane, 1 , 1-bis (t- 

hexylperoxy )cyclohexane. The ketone peroxides include, for 
example, methyl ethyl ketone peroxide, cyclohexanone peroxide, 
methyl acetate peroxide. The hydroperoxides include, for 
example, t-butyl hydroperoxide, cumene hydroperoxide, p- 
diisopropylbenzene peroxide. 

One or more different types of such polymerization 
initiators may be used herein either singly or as combined. 
The amount of the polymerization initiator to be in the 
antibacterial composition of the invention may fall generally 
between 0.01 and 10 % by weight of the composition, but 
preferably between 0.05 and 5 % by weight, more preferably 
between 0 . 1 and 3 % by weight . 

If desired, the antibacterial composition of the 
invention may further contain any other polymerizable monomer, 
in addition to the above-mentioned, acid group-having 
polymerizable monomer and hydrophilic polymerizable monomer, 
for the purpose of improving the adhesiveness, the curability 
and the mechanical strength of the composition. The 



additional polynierizable monomer includes, for example, 
esters of a-cyanoacrylic acid, (meth) acrylic acid, ct- 
halogenoacrylic acids, crotonic acid, cinnamic acid, sorbic 
acid, maleic acid and itaconic acid; and (meth ) aery lamide 
derivatives, vinyl esters, vinyl ethers, mono-N-vinyl 
derivatives , and styrene derivatives . Of those, preferred for 
use herein are (meth) acrylates . 

Examples of the polymerizable monomers usable in the 
invention are mentioned below, of which those having one 
olef inic double bond are referred to as monof unctional monomers , 
and those having two or more olef inic bonds are referred to 
as dif unctional monomers, trif unctional monomers, etc., 
depending on the number of the olef inic double bonds therein. 
Monof unctional Monomers : 

Methyl (meth)acrylate, ethyl (meth) aery late, propyl 
(meth)acrylate, isopropyl (meth) acrylate, butyl 

(meth)acrylate, isobutyl (meth) acrylate, benzyl 

( meth ) acrylate , laury 1 ( meth ) acrylate , 2,3 -dibromopropy 1 
(meth) acrylate, 3-methacryloyloxypropyltrimethoxysilane, 
11-methacryloyloxyundecyltrimethoxysilane. 
Dif unctional Monomers: 

Ethylene glycol di( meth) acrylate, triethylene glycol 
di ( meth ) acrylate , propylene glycol di ( meth ) acrylate , 
neopentylglycol di (meth ) acrylate, 1 , 6-hexanediol 

di ( meth ) acrylate , 1 , 1 O-decanediol di ( meth ) acrylate , 



bisphenol A diglycidyl (meth ) acrylate, 2,2-bis[4- 
( meth ) acryloy loxy ethoxypheny 1 ] propane , 2 , 2 -bis [ 4 - 

(meth ) acryloyloxypolyethoxyphenyl ] propane , 2 , 2-bis [ 4- [ 3 - 
( meth ) aery loy loxy-2 -hydroxypropoxy ] phenyl ] propane , 1,2- 
bis [ 3 - ( meth ) acryloy loxy- 2 -hydroxypropoxy ] ethane , 
pentaerythr itol di ( meth ) acrylate , 1,2 -bis ( 3 - 

methacryloyloxy-2 -hydroxypropoxy ) ethane , [2,2,4- 
trimethylhexamethylenebis ( 2-carbamoyloxyethyl ) ] 
dimethacrylate , 1 , 3-di ( meth ) acryloyloxy-2-hydroxypropane . 
Trif unctional and Higher Polyf unctional Monomers : 

Tr imethylolpropane tr i ( meth ) acrylate , 

trimethylolethane tri (meth ) acrylate, tetramethylolmethane 
tri( meth) acrylate, pentaerythritol tetra (meth) acrylate , 
N,N 1 - ( 2 , 2 , 4-trimethylhexamethylene) bis [ 2- 

( aminocarboxy ) propane- 1 , 3 -diol ] t et ramet hacry lat e , 1,7- 
diacryloyloxy-2 ,2,6 , 6-tetraacryloyloxymethyl-4-oxyheptane . 

One or more different types of these additional 
polymer izable monomers may be used herein either singly or as 
combined. However, if the amount of the additional 
polymerizable monomer is too much therein, the adhesive 
strength of the antibacterial composition to teeth will lower. 
Therefore, the amount may be generally at most 50 % by weight 
of the composition, but preferably at most 30 % by weight. 

Further if desired, the antibacterial composition of the 
invention may also contain a volatile organic solvent for the 



purpose of assisting the dissolution of the antibacterial salt 
compound, the acid group-having polymerizable monomer, the 
hydrophilic polymerizable monomer and the polymerization 
initiator that constitute the composition. For the volatile 
organic solvent, generally preferred are those having a boiling 
point of not higher than 150°C, more preferably not higher than 
100°C under atmospheric pressure. Preferred examples of the 
solvent of the type are alcohols such as ethanol, methanol, 
1-propanol, isopropyl alcohol; ketones such as acetone, methyl 
ethyl ketone; ester compounds such as ethyl acetate, methyl 
acetate, ethyl propionate; ethers such s 1 , 2-dimethoxyethane, 
1 ,2-diethoxyethane, tetrahydrof uran; hydrocarbon compounds 
such as heptane, hexane, toluene; and halogenohydrocarbon 
compounds such as chloroform, dichloromethane . Of those, 
especially preferred are water-soluble volatile solvents such 
as ethanol and acetone. 

One or more different types of such volatile organic 
solvents may be used herein either singly or as combined. The 
amount of the volatile organic solvent to be in the 
antibacterial composition may be generally at most 50 % by 
weight of the compos it ion , but preferably at most 3 0 % by weight . 
Desirably, the volatile solvent, if any, in the antibacterial 
composition of the invention is, after the composition has been 
applied to teeth, evaporated away by the use of a dental syringe 
in order that it does not interfere with the adhesiveness of 
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the composition. 

Still optionally, the antibacterial composition of the 
invention may further contain a polymerization inhibitor, a 
colorant, a fluorescent agent, and an UV absorbent. It may 
also contain any known fluorine compound capable of releasing 
fluoride ions, such as sodium fluoride, lithium fluoride, 
sodium monof luorophosphate, and cetylamine hydrof luoride, for 
the purpose of ensuring the acid resistance of the teeth that 
have received the composition. 

In addition, the antibacterial composition of the 
invention may also contain a filler for improving the 
handlability, the coatability, the flowability and the 
mechanical strength of the composition. The filler may be any 
of organic, inorganic or even composite fillers. The 
inorganic fillers include, for example, silica, silica-based 
minerals such as kaolin, clay, mica; and silica-based ceramics 
and glass additionally containing any of Al 2 0 3 , B 2 0 3 , Ti0 2 , Zr0 2 , 
BaO, La 2 0 3 , Sr0 2 , CaO, P 2 O s . Especially preferred are lanthanum 
glass, barium glass, strontium glass, soda glass, lithium 
borosilicate glass, zinc glass, f luoroaluminium borosilicate 
glass, borosilicate glass, bioglass. Also preferred are 
crystalline quartz, hydroxyapatite, alumina, titanium oxide, 
yttrium oxide, zirconia, calcium phosphate, barium sulfate, 
aluminium hydroxide. The organic fillers may be of organic 
resin, including, for example, polymethyl methacrylate, 



polymers of polyf unctional methacrylates , polyamides , 
polystyrenes, polyvinyl chloride, chloroprene rubber, nitrile 
rubber, styrene-butadiene rubber. Also employable herein are 
inorganic /organic composite fillers, which may be prepared by 
dispersing an inorganic filler in an organic resin, or by 
coating an inorganic filler with an organic resin such as that 
mentioned above. 

If desired, the fillers may be previously subjected to 

5 

y surface treatment with any known surface-treating agent such 

D 

£ as silane coupling agent. The surface-treated fillers are 

m 

fU effective for controlling and enhancing the handlability , the 

s 

P coatability, the flowability and the mechanical strength of 

H 

M 8 the composition. The surface-treating agent includes, for 

0 

O example, vinyltrimethoxysilane, vinyltriethoxysilane, 

vinyltrichloros ilane , vinyltr i ( p-methoxyethoxy ) s ilane , y- 
methacryloyloxypropyltr imethoxy s ilane , y~ 
glycidoxypropyltrimethoxys ilane, . y- 

mercaptopropyltr imethoxy s ilane , y- 
aminopropyltriethoxy s ilane . 

One or more different types of these fillers may be used 
herein either singly or as combined. The amount of the filler, 
if any, in the antibacterial composition of the invention may 
be generally at most 30 % by weight of the composition, but 
preferably at most 15 % by weight. More preferably, the filler 
has a mean particle size of from 0.001 to 50 \*m, and it is 
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uniformly dispersed in the composition 

The antibacterial composition of the invention 
generally serves as an adhesive primer, which is for preventing 
the cariogenic bacteria in teeth from propagating, or for 
killing them, and for enhancing the adhesiveness of dental 
bonding materials such as resin cement, glass ionomer cement, 
zinc phosphate cement, polycarboxylate cement, silicate 
cement and other bonding ingredients. In addition, the 
composition is also usable as a fissure sealant for pit fissures , 
a coating agent for root surfaces and neighboring teeth 
portions, and an adhesive primer or adhesive agent for bonding 
a dental composite resin or a filler compomer to teeth - 

The antibacterial composition of the invention is 
applicable to not only hard tissues such as teeth but also to 
crown restorative materials such as metals, ceramics, cured 
composites. In addition, it may be combined with any of 
commercially-available metal primers for dental use, 
ceramic-bonding primers, acid etchants, and tooth cleaners 
such as hypochlorites . 

The invention is described in more detail with reference 
to the following Examples, which, however, are not intended 
to restrict the scope of the invention. The meanings of the 
abbreviations and nomenclatures used herein are mentioned 
below. 

[Antibacterial Salt Compounds] 



CPC: cetylpyridinium chloride 

MDPB: 12-methacryloyloxydodecylpyridinium bromide 
MHPC: 16-methacryloyloxyhexadecylpyridinium chloride 
MHAC : 16-methacryloyloxyhexadecyltrimethylammonium 
chloride 

MPHC : 16-methacryloyloxyhexadecyltrimethylphosphonium 
chloride 

TMBEA: trimethylbenzyl ammonium chloride 
[Acid Group-having Polymerizable Monomers] 

MDP: 10-methacryloyloxydecyl dihydrogenphosphate 

MEPP: 2-methacryloyloxyethylphenylphosphonic acid 

MA: maleic acid 
[Hydrophilic Polymerizable Monomers] 

HEMA: 2-hydroxyethyl methacrylate 

9G: polyethylene glycol dimethacrylate (in which the number 
of oxyethylene groups is 9 ) 
[ Bas ic Compounds ] 
D MAE MA: ( 2-dimethylamino ) ethyl methacrylate 
DEAHMA: ( 6-diethylamino ) hexyl methacrylate 
DPAEMA: ( 2-dipropylamino ) ethyl methacrylate 
TEA: triethanolamine 
NaHC0 3 : sodium hydrogencarbonate 
LiOH: lithium hydroxide 
H 2 KP0 4 : potassium dihydrogenphosphate 
DEPT : N , N-di ( 2-hydroxyethyl ) -p-toluidine 
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DMAB : 4 -N , N-dimethylaminobenzophenone 
DMPT: N,N- dimethyl- p-toluidine 
[Polymerization Initiators] 
CQ : camphorquinone 

TMDPO : 2,4,6- trimethylbenzoyldiphenylphosphine oxide 
[Others] 

BHT: 2 , 6 -di-t-butylhydroxy toluene 
GDM: 1 , 3-dimethacryloyloxy-2-hydroxypropane 
PDM: 1 , 2-bis(3-methacryloyloxy-2-hydroxypropoxy)ethane 
RE-106: Red #106 (pigment) 
BU-1: Blue #1 (pigment) 
Example 1 : 

An antibacterial composition comprising MDPB (5 parts 
by weight ) , MDP ( 15 parts by weight ) , HEMA ( 40 parts by weight ) , 
distilled water (40 parts by weight) and DMAEMA (3 parts by 
weight) was prepared. This was tested for the antibacterial 
property, the adhesiveness and the storage stability, 
according to the antibacterial test, the bonding test and the 
storage stability test mentioned below. The results are given 
in Table 1. 
[Antibacterial Test] 

1 g of bovine dentin powder that had been previously 
sterilized and dried, 0.5 ml of the antibacterial composition 
of Example 1, and 0.5 ml of aqueous 50 % HEMA solution were 
put into a sample tube, stirred for 10 minutes, and then 
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centrifuged to collect the upper liquid phase. This is a 50 % 
sample liquid. The 50 % sample liquid was diluted with 
sterilized water to prepare different samples having a 
concentration of 20%, 10%, 5%, 2 % and 1 %. On the other 
hand, cells of Streptococcus mutans (IF013955) that had been 
pre- incubated for 18 hours in a liquid brain heart infusion 
(BHI) medium (from Nippon Pharmaceutical) were diluted with 
germ-free water to prepare a cell dilution having a cell 
concentration of 2 x 10 6 (CFU/ml). The samples having 
different concentrations as above were tested with the cell 
dilution for the antibacterial property. 

Concretely, 100 pi of each sample and 100 juil of the cell 
dilution were rapidly mixed on a micro-plate . After 20 seconds , 
the resulting mixture was diluted with BHI to 1/1000. 100 \xl 
of the 1/1000 dilution was metered, applied onto a BHI-agar 
medium (from Nippon Pharmaceutical) plate that had been 
separately prepared, and uniformly spread thereover with a 
Conradi rod. With that, the plate was put in a thermostat at 
37°C and the cells on the plate were aerobically incubated 
therein for 48 hours. For control, germ-free water alone not 
containing the antibacterial composition was tested in the same 
manner as above. The number of colonies formed in the BHI-agar 
medium was counted, and the cell death percentage was 
calculated according to the following equation: 
Cell Death Percentage (%) 



= {[number of colonies (in control) - number of colonies 
(in antibacterial composition-containing sample) ] /number 
of colonies (in control)} x 100 
[Bonding Test] 

A bovine anterior tooth was polished in wet with #1000 
Silicon Carbide Abrasive Paper (from Nippon Abrasive Paper) 
to make its surface smooth, then its enamel or dentin was 
exposed out, and water existing on its surface was blown off 
with a dental air syringe. An adhesive tape (thickness: about 
150 microns) with a hole having a diameter of 3 mm was stuck 
on the surface of the exposed enamel or dentin. The 
p antibacterial composition of Example 1 was applied to the holed 

area with a brush, then left as such for 30 seconds, and dried 
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with an air syringe until the antibacterial composition was 
no more fluid. Next, a photopolymerizable, dental bonding 
material "Clearf ilmegabond" ( from Kuraray ) was applied over 
it also with a brush to form thereon a layer having a thickness 
of about 100 jxm. With that, this was exposed to light for 10 
seconds and cured, for which used was a dental light emitter 
"Litel II" (from Gunma Ushio Electric). Next, a 
commercially-available, photopolymerizable dental composite 
resin, "Clearf ill AP-X" (from Kuraray) was put on it, covered 
with a film of Eval® ( from Kuraray) , and pressed against a glass 
slide superposed thereon. In that condition, this was exposed 
to light for 40 seconds and cured, for which was used the same 
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D 



light emitter as above. 

A stainless steel rod was attached to the cured surface 
with a commercially-available dental resin cement, "Panavia 
21" (from Kuraray) being disposed therebetween- After left 
as such for 3 0 minutes, the test piece was dipped in water at 
3 7°C for 24 hours, and then its bonding strength was measured. 
For the measurement , used was a universal tester ( from Instron ) . 
At a cross head speed of 2 mm/min, the tensile bonding strength 
y of the test piece was measured. Eight test pieces were 

j2 prepared and tested under the same condition for their bonding 

m 

pj strength, and their data were averaged, 

p [Storage Stability Test] 

M= (1) Discoloration Test: 

b 

p The antibacterial composition of Example 1 was stored 

in a thermostat at 5 0°C for 1 month. 2 00 [il of it was put into 
a colorless transparent glass chamber having a diameter of 1.4 
mm, a depth of 2 mm and a thickness of 1 mm, and its values 
L* and b* were measured with a colorimeter ( from Nippon Denshoku 
Kogyo) . Not stored, a fresh sample of the composition was also 
measured in the same manner. From the data, obtained were AL* 
and Ab* . In addition, the stored sample was visually checked 
for discoloration. 
(2) Bonding Test: 

The antibacterial composition of Example 1 was stored 
in a thermostat at 50°C for 1 month. In the same bonding test 
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as above, the thus-stored sample was tested for the tensile 
bonding strength to bovine dentin. 
Examples 2 and 3 : 

Antibacterial compositions were prepared in the same 
manner as in Example 1, in which, however, MDPB was not used 
but CPC or MHPC was used in place of it. These were tested 
for the antibacterial property, the adhesiveness and the 
storage stability in the same manner as in Example 1 . The test 
data are given in Table 1 . 
Comparative Examples 1 to 3s 

Antibacterial compositions were prepared in the same 
manner as in Examples 1 to 3 , in which, however, D MAE MA was 
not used but a basic compound, aromatic amine (DEPT) was used 
in place of it. These were tested for the antibacterial 
property, the adhesiveness and the storage stability in the 
same manner as in Example 1 . The test data are given in Table 
1. 

Comparative Example 4 : 

An antibacterial composition was prepared in the same 
manner as in Example 1, in which, however, DMAEMA was not used. 
This was tested for the antibacterial property, the 
adhesiveness and the storage stability in the same manner as 
in Example 1 . The test data are given in Table 1 . 
Comparative Example 5: 

An antibacterial composition was prepared in the same 



manner as in Example 1, in which, however, MDPB was not used. 
This was tested for the antibacterial property, the 
adhesiveness and the storage stability in the same manner as 
in Example 1 . The test data are given in Table 1 . 
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As is obvious from Table 1, the antibacterial 
compositions prepared by mixing an antibacterial pyridinium 
salt compound, MDP , HEMA, distilled water and D MAE MA (Examples 
1 to 3) completely killed the cells of Streptococcus mutans 
even when their concentration was 2 %. In addition, the 
adhesiveness of these antibacterial compositions was good; and 
even after stored in a thermostat at 50°C for 1 month, the 
jjr compositions did not discolor when observed visually , and their 

y bonding strength to dentin lowered little. As opposed to these, 

P 

% however, the antibacterial compositions containing a basic 

pj compound, aromatic amine DEPT (Comparative Examples 1 to 3 ) 

s 

p could not completely kill the cells of Streptococcus mutans 

j=£ when their concentration was 2 %. In addition, when stored 

0 

p in a thermostat at 50°C for 1 month, they greatly discolored 

w 

from colorless to dark brown and their bonding strength to 
dentin greatly lowered. The antibacterial composition not 
containing a basic compound (Comparative Example 4) could not 
also completely kill the cells of Streptococcus mutans even 
when its concentration was 5 %. In addition, when stored in 
a thermostat at 50°C for 1 month, the bonding strength of the 
composition to dentin greatly lowered. The antibacterial 
composition not containing an antibacterial pyridinium salt 
compound (Comparative Example 5) could not completely kill the 
cells of Streptococcus mutans even when its concentration was 
20 %. 
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Examples 4 to 9, Comparative Examples 6 and 7: 

As in Table 2, different antibacterial compositions 
comprising MDPB, MDP, HEMA, distilled water , TMDPO and a basic 
compound were prepared. These were tested for the 
antibacterial property, the adhesiveness and the storage 
stability in the same manner as in Example 1- The test data 
are given in Table 2 . 
Comparative Example 8: 

An antibacterial composition was prepared in the same 
manner as in Example 4, which, however, did not contain D MAE MA. 
This was tested for the antibacterial property, the 



p adhesiveness and the storage stability in the same manner as 

^ in Example 1 . The test data are given m Table 2 . 
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As is obvious from Table 2, the antibacterial 
compositions comprising MDPB, MDP , HEMA, distilled water, 
TMDPO, and any of an aliphatic amine, an alkali metal hydroxide 
or a strong basic acid salt (Examples 4 to 9) completely killed 
the cells of Streptococcus mutans even when the amount of MDPB 
therein was about 3 % by weight of the composition and the 
concentration of the composition was 5 %. In addition, the 
H 1 adhesiveness of these antibacterial compositions was good; and 

O even after stored in a thermostat at 50°C for 1 month, the 

Cf compositions did not discolor when observed visually, and their 

j}l bonding strength to dentin lowered little. As opposed to these, 

p however, the antibacterial compositions containing a basic 

j*7 compound, aromatic amine DEPT or DMAB (Comparative Examples 

6 and 7) could not completely kill the cells of Streptococcus 
mutans when their concentration was 5 %. In addition, when 
stored in a thermostat at 5 0°C for 1 month, they greatly 
discolored from colorless to dark brown and their bonding 
strength to dentin greatly lowered. The antibacterial 
composition not containing a basic compound (Comparative 
Example 8) could not also completely kill the cells of 
Streptococcus mutans even when its concentration was 10 %. In 
addition, when stored in a thermostat at 50°C for 1 month, the 
bonding strength of the composition to dentin greatly lowered. 
Examples 10 to 13: 

As in Table 3, different antibacterial compositions 



s 
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comprising MHPC, an acid group-having polymerizable monomer, 
a hydrophilic polymerizable monomer, distilled water, CQ, BHT 
and DPAEMA were prepared. These were tested for the 
antibacterial property, the adhesiveness and the storage 
stability in the same manner as in Example 1. The test data 
are given in Table 3 . 
Comparative Examples 9 to 12: 

Different antibacterial compositions were prepared in 
the same manner as in Examples 10 to 13, which, however, did 
not contain DPAEMA but contained an aromatic amine DEPT in place 
of it. These were tested for the antibacterial property, the 
adhesiveness and the storage stability in the same manner as 
in Example 1 . The test data are given in Table 3 . 
Comparative Example 13: 

An antibacterial composition was prepared in the same 
manner as in Example 10, which, however, did not contain a basic 
compound (DPAEMA) . This was tested for the antibacterial 
property, the adhesiveness and the storage stability in the 
same manner as in Example 1 . The test data are given in Table 
3. 
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As is obvious from Table 3, the antibacterial 
compositions comprising MHPC, an acid group-having 
polymerizable monomer, a hydrophilic polymer izable monomer, 
distilled water, CQ, BHT and DPAEMA (Examples 10 to 13) 
completely killed the cells of Streptococcus mutans even when 
their concentration was 1 %. In addition, the adhesiveness 
of these antibacterial compositions was good; and even after 
stored in a thermostat at 50°C for 1 month, the compositions 
still kept pale yellow owing to CQ existing therein, and did 
not discolor when observed visually , and their bonding strength 
to dentin lowered little. As opposed to these, however, the 
antibacterial compositions containing a basic compound, 
aromatic amine DEPT (Comparative Examples 9 to 12) could not 
completely kill the cells of Streptococcus mutans when their 
concentration was 2 %. In addition, when stored in a 
thermostat at 50°C for 1 month, they greatly discolored from 
pale yellow to dark brown and their bonding strength to dentin 
greatly lowered. The antibacterial composition not 
containing a basic compound (Comparative Example 13) could not 
also completely kill the cells of Streptococcus mutans even 
when its concentration was 5 %. In addition, when stored in 
a thermostat at 50°C for 1 month, the bonding strength of the 
composition to dentin greatly lowered. 
Examples 14 to 18: 

As in Table 4, different antibacterial compositions 



comprising an antibacterial salt compound of MHAC, MPHC, MDPB 
or TMBEA, an acid group-having polymerizable monomer of MDP, 
a hydrophilic polymerizable monomer of HEMA, a hydrophobic 
polymerizable monomer of GDM or PDM, distilled water, TMDPO , 
BHT, a pigment (RE-106 or BU-1 ) , and a basic compound of D MAE MA 
were prepared. These were tested for the antibacterial 
property, the adhesiveness and the storage stability in the 
same manner as in Example 1 . The test data are given in Table 
4. 

Comparative Examples 14 to 17: 

Different antibacterial compositions were prepared in 
the same manner as in Example 14, 15, 17 or 18, which, however, 
did not contain D MAE MA but contained an aromatic amine DEPT 
or DMPT in place of it . These were tested for the antibacterial 
property, the adhesiveness and the storage stability in the 
same manner as in Example 1 . The test data are given in Table 
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As is obvious from Table 4, the antibacterial 
compositions comprising an antibacterial salt compound, an 
acid group-having polymer izable monomer, a hydrophilic 
polymer izable monomer, distilled water and D MAE MA (Examples 
14 to 18) completely killed the cells of Streptococcus mutans 
when their concentration was at least 5 %. In addition, the 
adhesiveness of these antibacterial compositions was good; and 

I** even after stored in a thermostat at 5 0°C for 1 month, the 

P 

P compositions still kept the color of the pigment therein, and 

W 

P did not discolor when observed visually, and their bonding 

pJ strength to dentin lowered little- As opposed to these, 
however, the antibacterial compositions containing a basic 

^~ compound, aromatic amine DEPT or DMPT (Comparative Examples 

I-* 

14 to 17) could not completely kill the cells of Streptococcus 
^ y mutans when their concentration was 5 %. In addition, when 

stored in a thermostat at 50°C for 1 month, they greatly 
discolored and their bonding strength to dentin greatly 
lowered . 

INDUSTRIAL APPLICABILITY 

The antibacterial composition of the invention has the 
ability to kill cariogenic bacteria in decayed teeth or to 
prevent the bacteria therein from propagating and, in addition, 
its adhesiveness to teeth and its storage stability are both 
good. Therefore, the composition is effective for preventing 
secondary caries to be caused by the cariogenic bacteria 
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existing in decayed teeth, and for preventing the bacteria from 
penetrating into the bonding interface to which it has been 
applied; and the composition ensures esthetic dental treatment 
with it . 



